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1.0

INTRODUCTION

Since its introduction in 1972 the UV EPROM has taken on an important
role in the electronics industry. Unfortunately, to date, no conclu-
sive evidence exists on the reliability of data retention in EPROMs in
severe environment applications. This has hindered their application
in military systems. The inherent need to gather such data over long
periods of time adds to the difficulty of acquiring an adequate data
base to support military applications. IBM has proposed an alternate
approach whereby, given the appropriate on-chip circuitry, the user
can periodically monitor the integrity of all programmed and non-
programmed cells thus providing a timely indication of marginal data
storage so that corrective action can be instituted. This minimizes
the need to guarantee long term data retention. A single vendor
device was found which had incorporated in it a similar function, but
for a different purpose. IBM chose to use this function as a vehicl-

for evaluating the concept.

The present RADC program provides for an assessment of the utility of

this concept to facilitate the use of EPROMs in military equipment.

Summarizing the results of this effort, it has been determined that
such a concept is achievable at the device level. Although limita~

tions exist due to the present circuit implementation, practicality at

the svstem level can be realized.
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DLEVICE DESCRIPTION

2.1 Floating Gate Principles

The principles of the UV EPROM are best explained by the operation of
the floating gate storage cell. The storage cell consists of two

polysilicon gates as illustrated below, a conventional control gate,
and an electrically isolated floating gate. The floating gate has two
stable states, an erased state, and a programmed state. Programming
is accomplished by raising both the drain and control gate to a high
voltage causing a high electric field. Electrons traveling in the
channel are accelerated by the field and some gain enough energy to
leave the channel, traverse the oxide, and become trapped on the

Once trapped on the floating gate they remain there

Floenring pgate.

unless erased by exposure to UV light.

Erased Programmed
Margin Margin
—
Erased 1"

@- Control Gate
@—- Floating Gate 'ps

Programmed
g

“///’
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Source J

] pran |

Substrate -+ Sense Valtage
1.5V ! 7.0V
Vas
STGURE 2-1 0 EPROM STORAGL “EILL FICURE 2-2 THRESHOLD VOLTAGE MARGINS




The threshold voltage of a cell properly programmed as a ''0" is greater
than approximately 7,0V, while that of a properly erased "1" is approx-
imately 1.5V. During a read operation, the control gate is bilased to

approximately 5.0V (determined by VCC and the read mode program voltage

Vop).

PP will flow only for a VT < 5.0V, providing the basis for

IDS
sensing the cells state, The difference between the programmed (or
erased) threshold voltage and the 5.0V sense voltage will be called the

programmed (or erased) margin, as illustrated in Figure 2-2.

Under stressing environmental conditions, or if certain fabrication
defects exist, some of the stored charge may leak off a programmed
gate or may leak onto an erased gate, gradually decreasing the margin
of that cell. In standard EPROMs, cells possessing poor data reten-
tion characteristics such as this can not be practically identified
prior to failure. Other failure modes such as wearout due to many
write/erase cycles are also unidentifiable in a standard EPROM without

special techniques.

A device implemented with a mode capable of measuring the programmed
and erased threshold voltage allows the device margin to be monitored
periodically, thereby minimizing the chance of a data retention failure

in a critical environment.




2.2 Mostek 2716 Description f

The Mostek MK2716 is an ultra-violet erasable electricallv program-

e -

mable read only memory organized 2048 words by 8 bits. 1t is fabri- -

cated using N-channel double poly-silicon silicon gate technology.

The MK2716 provides six standard operating modes and two special

e gt AR 1 <

preTRpee;
adlgs

characterization modes*, as indicated in Table 2-1.

4
MODE CE VPP OE OUTPUTS :
EAl ] + i OUT 4
READ \IL 5 ‘IL DATA OUT -
HIGH |
DESELECT DON'T CARE +5 VIH IMPEDANCE E:
%
DON'T HIGH
POWER DOWN VIH +5 CARE IMPEDENCE b
3
PULSED -
DGRAN I TO OV +25 / TA IN
PROGRAM VIL 0 VIH b) \IH DATA IN ; ;
o
[
PROGRAM V [ 2 ! ' : ¥
ROGRAM VERIFY VIL +25 \IL DATA OUT "
PROGRAM INHIBIT VIL +25 VIW HIGH 3 3
’ IMPEDANCE 4
STHRESHOLD MEASUREMENT +25V VARY VIL DATA OUT
oV TO V,, :
T
ADEPROGRAM +25V PULSED VIL HIGH
OV TO +25V IMPEDANCE
CE - Chip Enable (Active Low)
or, - output Enable (Active Low)
VPP - Programming Supply Veltage

TABLE 2-1 MODE SELECTION i‘




A detailed description of the device, its standard operating modes and
the specified timing requirements are included on the attached Mostek

data sheet (Appendix I).

The threshold measurement mode provides a limited means to measure the
threshold margin of any cell within the array for data retention evalu-
ation. Although Mostek is running high volume production on the MK2716
implemented with the threshold measurement mode, they are also maintain-
ing production of the standard version without the special modes.

Since this is an experimental technique, Mostek has chosen not to
promote either special mode at this time. This mode will be discussed

further in Section 2.3.

The deprogramming mode allows investigation of charge loss effects due
to the programming of other cells. While not explicitly relevent to
threshold measurement, it does merit discussion for general informationm.
The deprogramming mode was not investigated in this study, although the
effects of deprogramming during programming are evident in the data of

Section 4.

Deprogramming occurs when charge on a cell's programmed floating gate

is lost due to the programming of other cells along the same word line,
This occurs when a cell previously programmed to a "0" state (charged
floating gate), has its gate raised to 25V by the programming of another

cell on the same word line. Due to asperities that exist at the

i
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polysilicon/silicon dioxide interface of the floating gate, some

charge may be lost as a result of the high electric field induced by
the 25V applied to the gate. Since 16 cells share the same word line,
a single cell can see as many as 15 deprogramming cycles, or 750 ms of

deprogramming time, assuming a 50 ms programming pulse width,

The purpoge of the deprogramming mode 1s to simultaneously impress upon
the floating gate of every storage cell in the array the maximum amount
of deprogramming that could possibly be seen by any single cell during

programming, thus uniformly deprogramming all cells.

A7 =11 24 b vCC
A6 H2 23 A8
as 3 22 |3 A9
A4 Ha 21 P VPP
A3 45§ 20 o OE
A2 e 19 |2 A10
a1 9y 18 @ CE/PGM
A0 s 17 g oQ?
0Qo =}9 16 2 DQ6
DQ1 10 15 | DQS
paz 11 14 | DQ4
GND SH12 13 | pDa3

FIGURE 2-3 MK2716 PIN CONFIGURATION
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2.3

Cell Threshold Measurement Mode

The threshold measurement mode provides the user with the capability to
vary the gate bias on the storage cell until a change in the output
state occurs, The change implies the gate bias just slightly exceeds
the VT of the cell. The VT and the margin in its programmed state.

By applying the proper address levels, addressing is accomplished

just as it is in any of the standard modes allowing access to any

of the 16384 cells in the array. By using this mode it is possible

to program a device, evaluate its programmed margin, and periodi-

cally monitor the margin to verify it is within predetermined

boundaries.

The threshold measurement mode was implemented by adding (to the stan-
dard design). a high voltage sense circuit on the CE input and asso-

ciated logic allowing the word line voltage to be controlled by VPP

during read mode conditions (when sense amp and output buffers are
enabled). Prior to this modification the word line voltage was deter-

in all but the program mode. The V_ . circuitry was opti-

mined by V cc

CcC
mized initially to provide faster response at the word line thereby
reducing access time to an erased "1" state. Since the threshold

measurement mode relys on the slower single depletion device (Ql in

Figure 2-5) tied to the word line and V__ to generate the word line

PP

voltage, access time is increased. This phenomena will be discussed

further in Section 4., The simplified word line/storage cell schematic

illustrates the operation of this mode.




i ‘ l Sense Amplifiers
ul 'CMumndet

A Q4
Column Select
VSS

Row Selects
N R
h
Ai‘ AE-’ -ZEi —A_Z'_l A_3.’ 7\:9_’ Al0 Word Line
A4 AS A6 A? Agil, ABlL A1
VSS VSS
R ~ Internally generated signal =  “‘0" during Program, Threshoid Test & Deprogram modes

“1" during all ather mades

DIN — Internally generated signal = Inverted Data In during programming mode
““0” during all ather modes

FIGURE 2-5 WORD LINE/STORAGE CELL SCHEMATIC

The ability to continuously vary the word line voltage and hence the
storage cell gate voltage allows determination of the precise voltage
at which the floating gate cell will cause the sense amp to read a "1",

This is done simply by increasing V__ in the test mode while monitoring

PP

the output of whichever bit is to be measured. When the output
switches from a "0" to a "1", the select gate voltage has increased to a
level sufficient to overcome the offset due to the floating gate charge

allowing I to switch the state of the sense amplifier thereby indi-

DS
cating the threshold voltage (VT) of that cell.




Although the threshold test mode functions well in the 7V to 12V range
tvpical of a programmed cell, the particular circuit used imposes limi~
tations when the programmed threshold voltage value 1s outside of the

5V to 14V range. These limitations can be attributed to two individual

functions, and therefore will be discussed separately.

The limitation on the measurement of very high thresholds is due to the

minimum voltage on V required to select the deprogramming mode. As

PP

indicated in Table 2-1, a 25V pulse on VP is required for deprogram-

P
ming. When operating in the threshold test mode, it was found that
evceeding a 14V level on VPP caused selection of the deprogramming
mode and deselection of the threshold test mode. Therefore, cells

which have programmed thresholds greater than this voltage cannot be

measured.

The second, more significant limitation, prevents measuring the thresh-
old voltage of a cell less than 5.0V, such as that of an erased cell.

Reviewing Figure 2-5, as V is decreased to a voltage less than V a

PP ce’

small current flow will result through the depletion device in series

with the word line, the current increcasing as V P decreases. Since the

P
VPP load device has a significantly smaller aspect ratio than the VCC
lead circuit or the series FET, a large percentage of the VCC - VPP

potential is dropped across the V P device. Therefore, for V <V

PP CC

In fact, it is not

I)
the word line voltage nc longer equals that of VPP'

possible to lower the word line voltage to the actual threshold voltage

of a fullv erased ce¢ll (approximatelv 1,5V). Therefore, accurate

10




threshold measurements below 5.0V are not possible, Without the ability
to measure the margin of an erased cell, failure due to charge

accumulation cannot be detected prior to failure.

It must be recognized that the circuitry for the threshold test mode
and deprogramming mode was added to an existing design and was there-
fore not optimized. Had these modes been considered at the initial

design of the device the limitations discussed could have been avoided.

[T A

3.0 EXPERIMENTAL APPROACH

b

This section discusses the samples characterized for this study, the
test equipment used in performing the characterization, and identifi-

cation of the types of tests performed.

3.1 Characterization Samples

Thirteen commercial 16K EPROM samples were obtained for this study.

They were packaged in hermetically sealed, side brazed, ceramic dual in

line packages having three different identification markings.

VENDOR MARKING QUANTITY DATE CODE IBM SAMPLE NO.
Unmarked 4 Unmarked 1-1, 2, 3, 4
MK2716T-7 5 7928 2-1, 2, 3, 4, 5
MK2716T-6 5 7923 3-1, 2, 3, 5

11
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The -6 designation indicates vendor screening to 350NS maximum address
access time (tAA) whereas the -7 indicates 390NS maximum Canr
3

3.2 Test Equipment

A Siemens/Computest V-200 Semiconductor Memory Test System was the pri-
mary characterization tool used for this study. The V-200 is a program-

. mable dedicated memory tester providing address, clock, and data signals
to the device under test. Timing edges can be varied during testing.
All supply and signal voltage levels may be varied independently. Ad-
dress generation by microprogram control allows many different sequences
to be exercised. Data generation is by algorithm allowing a great

variety ot data patterns to be used.

A bench set-up consisting of two HP8007B Pulse Generators and two Dual HP
power supplics were used for static device testing. An IBM built D.C.
tester providing a continuous current vs. voltage plot was used for D.C.

parametric characterization.

The V=200 tester was programmed with specification sheet voltages
and timing for read mode characterization, For threshold test mode

characterization data either nominal timing or extended cycle timing

it o M A L!_..

was ased.  The extended cvele was used to verify the word line had ¥

sutficient time to settle to its final value before valid data was to be
read. Programming was accomplished using Mostek data sheet timing

specifications.  For all programming, a maximum 337 programming dutv

o ahieiliBiae W0 e




cvele was used to avoid excessive power dissipation, although this is not

specified in the Mostek data sheet.

W, -

tigure 3-1 presents the specific timing used for the testing performed in

riis study, 3
| 3
} Read Mode (990ns Cycle) Programming {150ms Cycle) y
{
. 30m 930 2.4v 1ms 53ms 2.4v
| Addrus x x ) Address x x
i 0.4v 0.4v
[[ ————————————— ———— - 2.4V 2.4v 3
I | 1
E 3 0.4v cE 0.4v :
E:
F | e e e i - - = s 2.8V 2.4v 3
‘ o€ 0.4v OF - - —— > - = ————— 0.3V
+5 +25v
VPP e em = s o e ot e o e o s o e e OV VPP mmwemmc e — oo ee——— OV
500y 990ns my, 53ms 2.4v
l . 4v
»
: i
]
E Test Mode Nominat {990ns Cycle) Test Mode Extended Cycle (50l s Cycle)
{ 30ns 990ns 2.4v Tus 50us 2.4v E
Address x x Address x x
0.4v 0.4v
25v 2.4V
CE CE :
[ —— 7 LV} - - = ———— — ——— ——————— = - a_ 0.4V 3
———————— - —— 2,4V — e me—— e .- ————————- 2.4V
O€ oav  OF 0.4v
]
1
vPp Variable D.C. Voltage VPP Variable D. C. Voltage
500ns 980ns 20[s S0us

FIGURE 3-1 CHARACTERIZATION TIMING
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3.3

part

Individual Measurements

A variety of parameter dependencies, as listed below, were measured as

of the investigation. Specific results are described in the next

section.

Functional Performance:

Test

Address access time vs. case temperature
Supply current vs. supply voltage

Supply current vs, CE voltage

Mode Evaluation:

Programming characteristics

Threshold voltage vs. supply voltage variatioms
Erasure characteristics

Threshold reproducibility

Threshold voltage vs. time under ambient conditions

Address access time vs. VPP




4.0

TEST RESULTS AND DISCUSSION

This section presents the actual data taken and discusses conclusions

drawn from that data.

4.1 Functional Performance

Three basic tests were performed to verify the devices with the test
mode incorporated in them would function as normal production EPROMs

over the temperature and voltage ranges to be dealt with in this study.

Address access time as a function of case temperature in read mode is
plotted in Figure 4-1. This data was taken on sample #1-2 at VCC =
5.00V only. Access time varied considerably over the MIL temperature
range with a worst case of 588NS at +125°C. The device did function
without error over this range from a supply voltage of 4,75V to 5.25V
although this is not plotted. The change in the slope of this curve at

100°C is considered insignificant since it was not observed on other

samples.

Supply current as a function of supply voltage in read mode is plotted
in Figure 4-2, The negative current derives from the influence of VPP
which was 5.0V during this test., Read mode and standby current measure-

ments were taken at room temperature.

15




Supply current as a function of CE voltage was measured to determine the

CE input threshold at which the device switches from the power down mode

N w—— *“‘m“

to the threshold test/deprogramming modes. Data taken but not presented
indicates this selection occurs in the 13V to 15V range varying among
devices. The CE voltage used for selection of the threshold test/de-

programming mode in this study is 25V.

2105 L R, Y ki i W

o

o
o

UV ARSI

ACTREY T

TERPERATRRE

s

—

+ 3. i i + 4 J;
-4 7 q ) LGS whoo 1.0 100 e

CASE TEMPERATIRE (70

FIGURE 4-1 ACCESS TIME VS, TEMPERATURE

1
l
1

i L / DUPRp -
t
. 4 ——— : . -+ —
+ -+ + —+

FIGURE 4-2 SUPPLY CURRENT VS, SUPPLY VOLTAGE
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4.2 Test Mode Evaluation

This saction discusses testing performed to investigate the utility of

the test mode and its dependence on measurement conditions. Because of
the limitations on threshold measurements imposed by the present MK2716
circuit implementation, no threshold data is presented outside the 5.0V

to 14.0V range.

Programming Characteristics

12
r SINGLE CELL PROGRAMMING
CHARACTERISTICS

i cmms s -

: + — + + : } — +

i 1 il 4
1 2 3 4 5 6 7 g d 0 1 T2 13 14 15

CUMMULATIVE PROGRAMMING TIME (MS)

FIGURE 4-3 SINGLE CELL PROGRAMMING CHARACTERISTICS
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Threshold voltage as a function of total programming time (accumulated
pulse widths) was analyzed to evaluate the programming profile of an
individual cell and that of an entire array., Figure 4~3 shows the
storage cell threshold voltage as a function of cummulative programming
time (i.e. no erasure between steps). A single word was selected and bit
0 in that word characterized. During programming only that single
location was programmed, eliminating any effects of deprogramming.
Threshold measurements for this case were taken with static conditions on
the device. As the figure shows, at 1,8ms, 667 of the resultant VT is
reached and 907 is reached at 15ms programming time. This demonstrates
that the vendor's specified program pulse width of 50ms insures with good
margin that most of the VT shift possible by programming will be realized.

(As will be described however, deprogramming becomes a factor at this

pulse width.)

6 |

10015 Vg 1 mmse, 1 e

FIGURE 4-4 MAXIMUM AND MINIMUM PROGRAMMED THRESHOLDS
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Figure 4-4 portrays the significance of deprogramming. This figure

shows for three devices the highest and lowest programmed thresholds 4
in each array as a function of cumulative programming time. Since
only the extreme threshold voltages of the array were measured at each
programming increment, considerable variations exist from the curve
for an individual cell, particularly since the cell locations yielding
minimum and maximum thresholds also change. The curves for minimum
threshold voltage reveal the significant effect of deprogramming. The
curve shape derives from the sum of two individual functions. (Figure j
|

Net Programming
Programming Deprogramming and Deprogramming

Time

FIGURE 4-5 NET OF PROGRAMMING AND DEPROGRAMMING

To maximize the minimum threshold voltages within the array, a 1Oms

programming pulse width would be optimum based on the sample evaluated.

19
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FIGURE 4~6 COMPOSITE PROGRAMMING CHARACTERISTICS

Figure 4-6 summarizes the best and worst case programmed margins for

twelve devices. The four curves are:

#1 Largest programmed threshold voltage for any cell of any
sample,
#2  Average of the largest programmed threshold voltage of each
of the 12 samples.
#3 Average of the smallest programmed threshold voltage of each
1 of the 12 samples.
| #4 Smallest programmed threshold voltage for any cell of any

sample.

20
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In each case all devices were erased for 15 minutes, programmed with

the indicated programming pulse width and measured in the test mode.
Only the maximum and minimum programmed threshold voltages for each

device were recorded.

Curves #1 and #4 indicate the wide range of possible programmed thres-

holds within the sample set. Curve #4 indicates the small margin in
24

some cells at any programming pulse width, emphasizing the need for ]
testability as promoted in this study. Curve #3 shows the majority of ;
. - . L . . 3
devices do not exhibit such marginal thresholds indicating devices k
. . . . . . 1
with larger margins are yieldable. Prior to the implementation of
this test mode, the user had little knowledge of how marginal the
programmed cells were in the device he was using. This technique
allows a user, at any elapsed time of his application, to determine
the remaining margin for each cell, providing a timely indication of
any potential data retention failure. i
i
!
Threshold Voltage vs. Supply Voltage Variations ;
%
754 THPESHGLD VOLTAGE ;
VS, 3
SUPPLY VOLTAGE \
PREGEAED " * i
THRESHILD * :
wLtesE * L
(Vo1 7]
6.51
AR 5.0 6.0 7.0 .
WLL{VOLTS)

FIGURE 4-7 THRESHOLD VOLTAGE VS. SUPPLY VOLTAGE
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Measured threshold voltage as a function of V supply voltage was

CcC

investigated to determine the test mode sensitivity to supply vari-
ations. The minimum programmed threshold location is plotted in

Figure 4-7. A AVT/AVC = 0.05V/V linear slope was observed over the

C

4.0V to 6.0V VCC

to 5.25V VCC operating range. This small change is expected and is

not a significant factor in the use of the test mode.

Erasure Characteristics

ERASURE
CHARACTERISTICS

+ 4 + + + + 4~

l'.O ’ 2.0 3.0 4.0 5.0 6.0
ERASE  TIME {MINUTES)

FIGURE 4-8 ERASURE CHARACTERISTICS

UV light erasure characteristics were measured to verify the adequacy
of the guard band in the 15 minute vendor specified erase cycle.
Testing was performed under the same conditions as the static VT Vs,

programming time test earlier in this section. The data, illustrated

Mo

]

range. This correlates to a 25 MV AVT over the 4.75V

s . g T 7,




in Figure 4-8, was also cumulative having no reprogramming between
erasure steps. Due to the limitations on measuring VT < 5.0V data
was not available for values less than this. However, data at the 2
minute interval indicates the threshold voltage has already decreased
from 11.1V to 5.0V indicating a large enough rate of change to suggest

15 minutes is adequate for proper erasure.

Threshold Reproducibility

PROSEAMNING REPRODLCISILITY

i + s . + : + 4 —t

1 N k 4 5 6 7 8 9 10
PROGRAMMING ERASE CYCLES

FIGURE 4-9 PROGRAMMING REPRODUCIBILITY

To establish the reproducibility of the programming/measurement opera-
tion, four individual cells in two samples were erased, programmed,
and characterized in the test mode for a total of ten cycles. For

this test, temperature, VCC’ VPP’ th, and tERASE’ were held constant




at nominal values. Since repeated V,_ measurements reproduced closely,

T
the small variations observed in Figure 4-9 were apparently dominated
by programming irreproducibility. The fact that for each step, the

VTs of all cells change in the same direction implies variations are
not within the device but are caused by minor fluctuations in the test
apparatus. This test was not intended to investigate write-erase cycle

wearout mechanisms which are known not to occur for such a limited

number of cycles.

Threshold Voltage vs. Time Under Ambient Conditions

Threshold voltage shift due to ambient light exposure was investigated
for short periods of time to determine if special precautions were
needed to maintain a controlled experiment. Data taken on the minimum
and maximum threshold locations, and seven random locations on a |
single sample for seven intervals over 55 hrs. indicated negligible
change. For this reason, devices which were to be characterized in
the threshold test mode for no longer than 24 hours after programming
were not covered with the protective opaque tape used otherwise. This

test also demonstrated the negligible effects of any other uncontrolled

factors in the normal lab environment.

24

N

PV




Address Access Time vs. VPP

600 ¢ ACCESS TIME THRESHOLD
g TEST MODE
ss0 | "

oL READ MODE
5.c 6.0 7.0 8.0 9.0 10.0
Vpp (VOLTSS
FIGURE 4-10 ACCESS TIME VS, VPP

The address access time will be slower in the test mode than in the
read mode. This is because the threshold test mode uses a single

depletion device tied to V_ _ to drive the word line rather than the

PP

high speed circuitry connected to VCC in the read mode.

Testing was performed to characterize and compare tAA in both modes.

Data presented in Figure 4-10 shows this comparison as a function of

total programming time. At VPP = VCC = 5,0V, access time is 120ns

slower in the test mode than in the read mode for a 50ms t_... Further

PW
data taken but not shown identified sample #1-4 as being the worst
case device exhibiting a TaA difference of 190ns at 5.0V. This dif-
ference could be significant in some system applications since the

timing might have to be modified for test mode addressing.
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4.3 System Implementation

Implementation of the threshold test mode can be accomplished in a

variety of ways. This section discusses one possible system application.

Configuring the system to independently utilize the threshold test
mode as a ''self-check' would be an optimum application. The specific

steps comprising this application are:

1) Load system RAM with the contents of the EPROM (assumes data
is valid) or load system RAM with known valid data on diag-
nostic tape.

2) Apply required test mode select signals to EPROM vendor
test.

3) Raise VPP to the margin selected for programmed "Q"s.

4) Compare EPROM data to known valid data in RAM and check for

errors.

5) Lower VPP to the margin selected for erased "1's.

6) Compare EPROM data to known valid data in RAM and check for

errors.

Any comparison errors indicate inadequate margin and the need for cor-
rective action. A failing "0" may be reprogrammed individually. A
failing "1" requires complete U.V. erasure of the entire device (pro-
vided the failure is indicative of charge accumulation on a cell

rather than charge trapping in the oxide). This demonstrates the real

26
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power of this technique will be realized in electrically erasable
devices. The EZPROM offers the advantage of a practical in system
erase which could be performed by the system when detecting an in-

adequate "1".
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The results of this effort have provided evidence of the feasibility
of a measurement concept to assess the retention margin of an EPROM
storage cell, and the practicality of implementing this concept in

production hardware.

While the particular circuitry incorporated by Mostek for other pur-
poses proved useful in evaluating the proposed concept, cell threshold
measurement was limited to the programmed '"0'" state only, making this

device inadequate for margin test applicatioms.

Results of data taken on the device in its operable range provided
evidence of the practicality of system level integration. Measured
data demonstrated insensitivity to supply variations and minimal test
mode address access time degradation. No significant limiting factors
were encountered during the study (although more detailed investi-
gation is necessary to confirm this) indicating conceivable system
level applicability. The wide spread of programmed threshold voltages
exhibited some marginally programmed cells emphasizing the need to
develop such a test technique. The significant effect deprogramming
had on decreasing the cell margin of programmed cells was observed and
from this data an optimum programming pulse width was determined for

the samples evaluated.




From the positive results obtained in this study, the implementation
of such test in EPROM devices encourages applicacions such as system
sclf-testabilitv, vendor production characterization, and prescreening

bv critical users.

While no vendors have revealed their plans, there are indications that
some vendors are considering test mode implementation in their forth-

coming EPROMs and EZPROMS.

Ultimately, the most favorable application of this technique would be
in electrically erasable PROMs. Integrated into the system, the
EZPROM could be reprogrammed and reerased contingent upon inadequate
margin measurements. This type of non-automatic refresh would provide
a device with more dependable data retention while minimizing write/
erase cycle wearout concerns. Consequently, IBM-FSD recommends fur-
ther investigation of the threshold test mode particularly in the area

of EZPROMS.

29

i




APPENDIX I

MOSTEK MK2716 DATA SHEET

e i




OSITE

2048 x 8-BIT PROM

Electrically Prbérammable/ Ultraviolet Erasable ROM

MK2716 (T)-56/6/7/8

FEATURES

1 Replacement tor popular 2048 x 8 bit 2716 type
EPROM

71 Single +5 volt power supply during READ operation

11 Fast Access Time in READ mode

(P/N o Access Time
MK2716-5 300ns
MK2716-6 350ns
MK2716 7 390ns
MK2716-8 450ns

7i Low Power Dissipation. 525 mW max active

DESCRIPTION

The MK2716 1s a 2048 x 8 bit electrnically program-
mable - uitraviolet erasable Read Cnly Memory. The
circuit s fabricated with Mostek's advanced N-channel
sihicon gate technolougy for the highest performance and
reliabihity. The MK2716 offers significant advances over

_ Power Down mode 132 mW max standby
T Three State Output OR-tie capability

= Five modes of operation for greater system
flexibiirty {see Tabie)

1]

Single programming requirement: single
location programming with one 50 msec pulse

2 Pin Compatible with Mostek’'s Wide Word
Memory Family

Z TTL compatible in all operating modes

O Standard 24 pin DIP with transparent hd

hardwired logic in cost, system flexibility, turnaround
ume and performance.

Thie MK2716 has many useful system oriented features
including a STANDBY mode of operation which lowers
the device power from 525 mW maximum active power
to 132 mW maximum for an overall savings of 75%
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative 10 VSS {Except VPP). ... ... -0.3V 10 -6V
Voltage on VPP supply pinrelative to VSS ... ... o i e -0.3V 1o -28V
Operating Temperature TA (AMDIGNT) ... . ...ttt i e e 0 C<TA<70°C
Storage Temperature (AmbIent). .. .. ... s -565°C < TA<+125°C
POWET DISSIPATION ...\ttt ettt ettt ettt et et et e r et e e e 1 Watt
Short Crrcuit OQUIPUL CUrT @Mt L ittt et ettt et ettt e ettt et 50mA

*Stresses greater than rhose listed under Absolute Maximum Ratings ' may cause permanent damage to the device This i1s a stress rating only and functional
operation of ie device al these of any other condilions above those indicated in the operating sections of this specification 1s not imphed Exposure to absolute
maximum ratng conditions for extended periods may affect device reliabdity

READ OPERATION

RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS'.2.4.8
{0 C-~TAx 70°C) (VCC - -5V =5%, VPP = VCC)?

SYM PARAMETER MIN TYP MAX UNITS |[NOTES

-\7”« Input High Voltag;_ 20 Vee~1 Volts

;” Input Low Voitage -0.1 08 Volts

~IT VCC Standby Power Supply Current 10 25 mA 2
{OE : ViL, CE ~ VIH)

foce VCC Active Power Supply Current 57 100 mA 2

? {OF - CE - viL)

[._.p - VPP Current (VPP - § 25V) 6 mA 23

[le|1 i Qutput High Voltage 24 Volts

i (IOH  -400 pA)

.r\_/’—V Output Low Voltage 45 Volts

: (IOL - 2.1mA}

“..— T Input Leakage Current 10 uA

| (VIN - 525V)

bom—

the, Output Leakage Current 10 A

| (VOUT 5 25V)

AC CHARACTERISTICS.2*
{0 C~TA = 70°C)(VCC -5V * 6%, VPP - VCC)?

-5 -6 7 8 |
YMi PARAMETER MIN | MAX { MIN | MAX | MIN | MAX | MIN | MAX |UNITS |NOTES
-4 —
.. ! Address to Output Delay 300 350 390 450 ns
.‘ , ICE OE ViU
t. | CE to Output Detay 300 350 390 | | 450 | ns | 6
: ' (OE  VIL
R - e e . L P —
t. | Output Enable 10 Qutput 120 . 120 120 120 ns 10
" Delay iCE VIL)
+ - S IS S —
L,.. Chip D_e_selecl to Output 0 100 0] 100 0 100 0 100 ns 9
| | Float (CE vl
Y R N 5 U U e
{L . Address to Output Hold 0 0 | 0 0 ns
b LcE O v J
Do 5 S U AR AR R E




CAPACITANCE
(TA 25 Cp
SYM PARAMETER T TYP MAX UNITS | NOTES |
Cis Input Capacitance T 4 pF | 7
C.i o Output Capacitance i 8 pf 7
NOTES
1 VL aust e gppied 00 of betote VPP and RemGved oltes or 8t 19 same Loy 4 VPP
VPP and VO may Le connected togeiher except dunng programming 0 whnl  ase Mg supply Cusrent 6 e sum of 1ICC gna PP
The tulecance on VPP 15 10 ailow use of @ driver Circuit ta swikc VPP 1rom VLU 1o 25V i tne READ and PROGRAM mode -esprtlivesy

Ail volages wili, tespect 1o VSS

tUE s reterenced to CE or the addresses whichever 0 urs 1as!
Eltective Capacttance calculated trom the equation L vV where V3V
Tepncdi numbers are tor TA - 29 C ang VL 50V

1D s appleable ta both FE ae O_F whichevar nccurs tast

OF may tunow up 1o LACL  tOF aiter the talling edge of TE withuut etfe cting IACT

(SRR SN - ST AV NN

Load cenantions ITTL load and 100pF i 1t 20ns referenie leveis are "V Gr 2V for .nputs ang 8V and 2V for cotputs

TIMING DIAGRAMS
READ CYCLE (CE = V)

Vin -
ADDRESSES /
Vie T i

—— o ———‘

o -

VIH - ‘
OF
Vie
- '0E 4{ o — l———
- — " A —
4 y
v
O = OPEN /
QUTPUT W VALID
Voo - b
STANDBY POWER
DOWN MODE
(OE =V )
Vg —
ADDRESS vaLID VALID
Vie =
1
Vi —
i STANDBY ACTIVE STANDBY
Vi — ‘
!
._..*‘ "oF ‘CE“’
v
OH — VALIO OPEN VALID
ot FOR CURRENT FOR CURRENT
Vo, - ADDRESS ADDRESS
1

33




PROGRAM OPERATION®
D.C. ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS'?
(TA  25°C =+ 5 C)(VCC 5BV =5%, VPP 25V =1V)

T T T T
SYMBOL PARAMETER MIN J| MAX UNITS | NOTES
S el 1 —
e Input Leakage Current * 10 uA 3
!
VIL input Low Leve! 01 : 08 I Volts !
VIH ! Input High Level 20 : VCC -1 Volts
. —- % ——
ICC VCC Power Supply Current . 100 mA :
e + —_— +
IPP1 i VPP Supply Current : 5 mA | a4
[ 4 $
iPP2 VPP Supply Current during ‘ '
Programming Pulse [ 30 mA ’ 5
A.C. CHARACTERISTICS AND OPERATING CONDITIONS.2,6,7
iTA 25 C = 5°C)(VCC BV = 5% VPP 25V = 1V)
LSYMBOL PARAMETER MIN TYP [ MAX UNITS NOTES
| 'AS | Address Setup Time 2 i us
S - _ |
: T~ 1 ‘
[‘OES . OF Setup Time ; 2 | Cws
b I I | ; R N
[ DS : Data Setup Time 2 ! ‘ us i
| | L : B
! tAH i Address Hold Trme 2 ‘ : ; us !
N e
[— | !
! LOEH ' OE Hold Time ; 2 I | us :
| Lo . 4 | | B
| ! . ' ' N
'OH . Data Hold Time 2 i ‘ \ us i
T T e e S i
| 'OF . Output Enable to Qutput Float : 0 ' 120 ns 4
boom m e + ——t—— -—
] ! ' I
i TOE Output Enable to Output Delay : : | 120 ; ns ! 4
|l tpw ' Program Pulse Width 45 ‘50 | 55 Loms l
l - :r e - s - B ol j** - - - ——-- Y - B
I' IPRT Program Pulse Rise Time 5 ‘ ns
I L e _ 4 S U (O IR
l pFT Program Pulse Fall Time 5 1 ns
NOTES
100t st e apptent A T same tateeor Letone JRP ) dbremoved atter e gttt saene 1 e 3s VPP Te prevent damage ta e devier T oyt o e anernted ate d boaco
W.'vv -v"‘i'-l;"«‘ "‘:n-” Topreve ) averstont ! The VPP g oy whiee SWot gt N

§ o by NGB 2y
T PRGN
T PuM e
T 2Uunses

At HE AL

e

SoeteTene ey
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TIMING DIAGRAM
(Program Mode)

bg———— PROCRAM ~ ——pteg——-
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F—'AS—H - -~~»—‘AH————>1 VALID
I /ADD X en

Vi DATA Iy wicn 2 K / DATA (N
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Vi - ADD X ADD X +m

'oF {‘os — [-— —>‘

— Vin— ’
ot !

Vi - ;

i tps tow ToH
fot—
logs —» tOEH—

N Vi /—
CE/PGM :

Vie— —

PRT —— 9l |— thET

MODE SELECTION

PiN CE PGM BE | VPP | qyrtpuTs
TMGDE T8} 1207 121
\READ - vIL ViL -5 Vald Qut
' . - _.
STANDBY VIH Dont -5 Open
Care
| PRUOGRAM Puised VIH | -25 Input
l ‘ VI to VIH )
H R
| PROGRAM viL viL | -25 vatd Qut
| VERIf
H - -
" PROGRAM ViL VIR | 25 Upen
INHIBIT
t
t
l V(781 5V all modes

DESCRIPTION CONTINUED

Programming can be done with a single TTL level puise,
and may be done on any individual location zither
sequencially or at random The three-state output
controlled by the OE input allows OR tie capability for
construction of large arrays A single power supply
requirement of -5 volts makes the MK2716 :deally
surted for use with Mostek's new 5 wvolt only
microprocessors such as the MK3880 (Z80) The
MK2716 1s packaged in the industry standard 24 -pin
dual 1in hine package with a transparent hermetically
sealed hd Ttus allows the user to expose the chip to
ultraviviet ight 1o erase the data pattern A new pattern
may then be wiitten into the device by following the
program procedures outlined in this data sheet

The MK2716 s specifically designed to ht those
apphcations where fast turnaround time and pattern
experimentatn are required. Since data may be altered
in the device (erase and reprogram) it allows for early
debugging of the sysiem program. Since single location
programming I1s available the MK2716 can have its data
content increased (assuming all 2048 bytes were not
programmed) at any time for easy updanng of system
capabilities in the field. Once the data 'program is fixed
and the intention s to produce large numbers of
systems, Mostek also supplies a pin compatible mask
programmable ROM, the MK34000 To transfer the
program data to ROM, the user need only send the
PROM along with device information to MOSTEK, from
which the ROM with the desired pattern can be
generated. This means a reduction in the possib:iity of
error when converting data to other forms (cards. tape.
etc ) for this purpose However, data may stiil be input by
any of these traditional means such as paper tape, card
deck, etc

READ OPERATION

The MK2716 has five basic modes of operation Under
normal operating condiions (non-programmingj there
are two modes including READ and STANDBY A READ
operation is accomplished by maintaining pin 18 (C—E)al
VIL and pin 21 (VPP) at -5 volts If OE (pin 20) s held
active low after addressing (AO - A10) have stabilized
then vahd output data will appear on the outpul pins at
access hime tACC (address access) Inthis mode. access
time may be referenced to OE (10E) depending on when
OE occurs (see timing diagrams)
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POWER DOWN operation 1s accomplished by taking pin
18 (CErto aTTL highlevei(ViH) The power is reduced by
757 trom 525mW maximumto 132mW in power dowr
VPP must be at -5 volts and the outputs will be open
circuit regardless of the condition of OE. Access ime
from a hugh to low transition ot CE (1CE) 1s the same as
from addresses (tACC). {See STANDBY Timing
Diagram)

PROGRAMMING INSTRUCTIONS

The MK2716 as shipped from Mostek will be completely
erased In thhs imitial state and after any subsequent
erasure. all bits witl be at a "1’ level toutput high)
Information is introduced by selectively programming
0 s into the proper bit locations Once a ‘0’ has been
programmed nto the chip 1 may be changed only by
erasing the entire chip with UV hight

Word address selection 1s daone by the same decode
circuitry used in the READ mode The MK2716 1s put
into the PROGRAM mode by maintaining VPP at - 25V,
and OE at VIH In this mode the output pins serve as
inputs (8 bits 1n parallel) for the required program data
Logic levels for other inputs and the VCC supply voltage
are the same as n the READ mode

The program a byte ' (8 bits) of data, a TTL active high
tevel pulse s apphiedto the CE. PGM pin once addresses
and data are stabihized on the inputs Each location must
have a pulse applied with only one pulse per location
required Any individual location, a sequence of
iocations or locatrons at random may be programmed in
this manor The program puise has a minimum width of
45 msec and a maximum of 55msec, and must not be
programmed with a high level D.C signal applied to the
CE PGM pin

PROGRAM INHIBIT s another useful mode of operation

when programming meuelitipie pdiallel addressed
MK271€ 5 wirn ditterent data it :s necessary oniy to
marrtain OF at VIH, VPP a; -25 allow addresses and
data 1o stabilize and pulse the CE PGM pin of the device
to be programmed Data may then be changed and the
next device pulsed The devices with CE PGM at ViL
will not be programmed

PROGRAM VERIFY aliows the MK2716 program datato
be verified without having to reduce VPP from - 25V to
-6V. VPP should only be used in the
PROGRAM/PROGRAM INHIBIT and PRGCGRAM
VERIFY modes and must be at -5V in all other modes

MK2716 ERASING PROCEDURE

The MK2716 may be erased by exposure to high
intensity ultraviolet light, illuminating the chip thru the
transparent window This exposure to ultraviotet light
induces the flow of a photo current from the floating
gate thereby discharging the gate to its imit:al state An
uitraviolet source of 2537A yielding a total integrated
dosage of 15 Watt-seconds. cm? is required Note that
all bits of the MK2716 will be erased. The erasure time
1s approximately 15 to 20 minutes utihzing a ultra-violet
lamp with a 12000u.W/cm? power rating. The famp
should be used without short wave fiiters, and the
MK2716 to be erased should be placed about one inch
away from the lamp tubes. it should be noted that as the
distance between the lamp and the chip 1s doubled, the
exposure ime required goes up by a factor of 4. The UV
content of sunlight 1s insutficient to provide a practical
means of erasing the MK2716. However. 1t is not
recommended that the MK2716 be operated or stored in
direct sunlight, as the UV content of sunlight may cause
erasure of some bits in a short period of ume



MISSION
of
Rome Air Development Center

RADC plans and executes research, development, test and

selected acquisition programs in support of Command, Controf
Communications and Intefligence (C31) activities. Technical
and engineering support within areas of technical competence

44 provided to ESD Program 04fices (P0s) and other ESD W
elements. The principal technical mission areas are %
communications, electromagnetic guidance and control, sur- 0

velllance of ground and aerospace objects, intelligence data
coflection and handling, <information system technology,
Lonosphernic propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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